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PREFACE

: The U. S. Army's food irradiation program has as its primary
objective the use of high doses (>1 Mrad) of irradiation *o make pre-
packaged enzyme inactivated meats stable and safe from a microbiological

] health hazard when stored under nonrefrigerated conditions. In this

process (radappertization) foods are formulated, placed in cellulose

casings or meial molds, heated to an internal temperature of 73 to 77°C

TTIESSAR D Y TRIERIMEATYF

to inactivate autolytic enzymes, and chilled to -3 to 5°C. The product
is the: vacuum packaged in cans or in flexible pouches, frozen to ca.
-40°C, and irradiated within a temperature range of -40°c to -8°C to
obtain the desired minimal radiation dose (MRD). Inoculated pack studies

with 10 strains of C. botulinum spores provide data for the computatfion

TR Sy A YT St ATRegt TR ATATTY e AT s

of the MRD, the dose required to reduce the number of viable spores of

C. botulinum by a factor of 1 x 1012,

i Although viruses are more radiation resistant than C. botulinum
spores, they should not present a health problem in radappertized meats
because; due to their reported heat sensitivity, they should be dastroyed
during the preirradiation thermal treatment to inactivate autolvtic en-
zymes. This review of literature, performed under project order number
DRXNM 77-115 was deemed essential to confirm the reported heat sensitivity

) of viruses. :
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THERITAL 1NACTIVATION OF VINUSES

The thnrimal resistance of virus in foods is e.auaced av the
presence of protective agents that reduce the lethal effect of heat on
the viruses at temperatures below 60 C. In addition, when solid foods
are processed heat transfer is by conduction,and the rcquired internal
temperatures must be attzined to effectivelvy inactivate viral contaninants.

In Table 1 some of the chatiacterintics of anlorl viruses arc
denicted. The varinus families have becen senarated by thieir Luovant doen
sfties anr are listed alphabetically. The fanilies 11 throu~h 15 have been
separated and also listed alnhabetically. This same systen was used to de-
pict the information published in the literature pertaining to the familial
resistance of viruses in laboratorv media and in foods.

Ixamination of the data slown in Tables 2 and 3 indicate that
the vast majority of virgsea within the various families ave inactivated at
tenperatures of about 60 C or less. This literature roview on viral in-
activation indicates that resistance to thermal denaturation appears to be
restricted to viruses within the lagst five fanilies depicted in Table 1.
Greater resistance to temperaiure inactivstion has been reported for the
narvoviridae, the papoviridae and the nicornaviridae. The adenoviridae
and the reoviridae appear to be only slightly more resistant to thermal
inactivation than the first ten families. O0Only the parvoviridae and the
plcornaviridae contain sufficient numbers of viruses to be of imnortance
in ntudies on virnl tlermswl inactivation. The nreatest number of viruses
of nuhlic health importance are in the familv of picornaviridae. At the
nresent tinme the exact vpogition in th: classificat’on system of the hepa-
titis and sastroentertitis viruses is not known but nrobablv thev will be
included in the parvoviridae or the picornaviridae.

The thermal inactivation data published in the literature have
been concerned chieflv with inactivation of high titers of viruses in fluid
nreparations. There is preat variation in the techniques and nrocedures
used to evaluate the thermal resistsnce of viruses. 1In the majority of
studies the viral suspensions were heated in test tubes that were held in
constant temperature water bathe. 1ln some cases the viral susvensions were
nixed in an attempt to equalize the temmerature in the susnending medla. 1n
addition, a number of containers were used to process the virus suspensions
such as. capillary tubes, ampules an® varvin~ tvies of flasks and botties.
It has been our experience that in evaluatine the thermal resistance of
viruses that even distribution of the heat occurs only when the viral su
pension is processed in ampules or canillary tubes that are submerped in a
constant temperature bath. UWhen other tvpes of non-submerged containers are
utilized, there is uneven distribution of the hea*t and vnossibie rontamins-
tion of the heat processed fluids bv viruses surviving on the walls and
closures of the vessels. SHuch contannntion miy be interpreted as apparent
survival of low level virus after the '.cat trvatmecat “rocess In sone cases
these viruses are not detected by cell culture systems but were cbeerved
when animal i1noculation was utilized. 1t is possible that free virus nuclic
acid mav have been the cancative apcni in some of the rcnmorted virus per-
sistence papers, especiallv when the heat treated nreparation was injected
into an animatl,

ik e L 4
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In Table 4 a nu.ber of substances are listed that have a protec-
tive effect on viruses waen low temmeratures (40 to 6n° C) are used in
thermal inactivavion studies. In addition, this nrotective effect has ]
; been observed with other substrates such as serum, ice cream mix and other ;
high protein-carbohydrate containing susnensions. It has been shown that
with higher temneratures, in excess of 60 C, the nrotective effect on the
virus decreases sienificantly. ‘'Then virus susnens ‘ons containine less than
104 particles/ml are processed, normal inactivation occurs in a short period
of time at terperatures of 60 to 70° C and apnear to be inactivated at
i relatively the same rate.

el b -y Mt ]
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Only a limited number of viruses uave been reported to have ex-
tremely high thermal resistance. These viruses are foot-and-mouth disease
% virus, hepatitis "A" (infectious hepatitis), hepatitis "B' (serum hepatitis)
and the }imited number of viruses in the napova and parve virus families.
In the reported foot-and-mouth disease studies a number of investigations 1
were performed using hich titers of viruses and in the majority of investi-
gations tubes or bottles were used to nrocess the susrension in the water
bath. Apparent survival of low levels of viruses is nossible with this pro-
cedure. (nly limited or no viruses were reported to survive the heat nroces-
sing of foods naturally coataminated by foot-and-mouth discase virus, Ex-
pected virus levels in naturally infected anirmals are shown in Table 5. IQe-
\ search in the Food and Drue Administration laboratories in Cincinnatd indicates
that virus levels of this maenitude were inactivated by Eemperatures less than
those required for pasteurization of ice cream mix (6%.3 C for 30 nia or
79.4° ¢ for 25 sec). i
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The rerorted thermal inactivation cdata on the hepatitis viruses are f
linited. In nost cases viruses of unknovn titer werm heat—treated in bloos
or blood components in an attermt to inactivate viruses, and iafectivity was |
determined by human or primate feedin~ or inoculation studies. In one series i
of studies usin<e hematitis A" in rnarmoset serum a temnerature of 60° ¢ for :
one hour was not sufficient to prevent infectivitv in marmoseta iniected with
the heated product. %hen the same virus was suspender in water ard heat pro- i
cessed, a veduction in infectivity was renorted for the same time-temverature '
process. Because of the limitations in the reported data and the scarcity
of information, the thermal! resistance of hepatitis wvirusez is »nresently
unknown.

R s

It is possible that viral persistcnce may occur in
using long time-temperature procedures such as cooking soldd
periods of hours are required to reach internal temperatures

heat processes
foodsowhere
of 60" C.

Some viruses that could be present in animal foods are shovm in Table 7. .
If viral protective agents are presegt in food, the lethalitv of the heat

treatment process at levels below 60 C may have only a slight effect on §
the viruses,and the actual kill will commence only at temperatures above 3
the 60° C. This could cause persistence of viruses in the food unless surch

considerations are made in determining the total food process, and the ]




"~ Rk i L i A o Bh o Ui i s 2 -
P e g R T iy Ao

—— . . o ' o Y R Y

lethality 18 calculated for th: time-temperature process after reaching
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H ' the 60° ¢C level.
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All the reported thermal inactivation data have been incor-
porated into Figure 1. Because uf the variation in the inactivation
rates of the different viruses, a range of inactivation data is shown.
Normal virus concentrations expected to be encountered in food should
be inactivated at the time-temperature points shown in the figure. Only ?
limited virus inactivation data have been reported in solid foods and
congideration of this deficit was given, as well as the questionable
persistence of some viruses, when the data were used to plot the solid
food slope. This slope 1s close to that of the USPHS Fasteurization
Standard for ice cream mix. 1

et |

Thermal inactivation of viruses is directly rz2lated to the
chemical composition of the particle. The major organic constituants
changed by temperature are lipids, proteins, and nucleic acids. The
density of the particle is related to the varying compositions of the
three organic constituents. Particles containing lipids or lipid
complexes will terd to be more buoyant than particlea composed of
carbohydrate, prctein, and nucleic acids.
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Low temperature (20o to 35° C) inactivation of viral infec-
tivity is dependentoupon disruption of the nucleic acids. At hicher
temperatures ( > 50 (), inactivation is due to denaturation or dis-
ruption of the proteins of the virus particle.

YT T TR

The nucleic acids present in the virus are of two types:
ribonucleic acid and deoxyribonucleic acid. In a minority of the
cases the nucleic acid may be double stranded. The nucleic acid is
highly resistant to thermal inactivation at high temperatures for
1 short periods of time. However, the nucleic acid molecule is dis-

i rupted gradually at low temperatures over relatively long time spans.

[ B TP S
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E Some of rhe thermal characteristics of nucleic acids are
shown in Table 6. In the case of the RNA containing viruses, nucleic
acid inactivation is probably due to breakage of the phosphate bonds,
2 ¥hereae, in the case of the DNA containing viruses, inactivation is i
3 - due to cleavage of the purine or pyrimidine bases of the nucleic acid
complex. At low temperatures, DNA is about 30-fold more resistant
than the RNA, In Figure 1 inactivation of the RNA occurs in a
period of 13-25 hours, whereas. the DNA inactivation requires 13-35
days. Complete inactivation is dependent on the viral titer: the
higher the nucleic acid content - the longer the period of tlme neces-
sary for inactivation. At temperatures of appraxiaately 30° - 45° ¢
it 1s possible to inactivate nucleic acid with little apparent de- i
naturation of the proutein containing units of the virus particle.
Little Information i8 available pertaining to reaistunce of single
s’ canded nucieic¢ acid as compared to double stranded nucleic acid.

L

7

e Nt Bk i b i el his B, g e G it

ey P TO.. J. 1  € ¢. Lsk o s el




;
!

. T T T 1 ML L q_
G et I | S i .T.—...w - e LA [ - W.z ‘..ofm = . w « c— w.\q Www - ]
. —— ——— b e —— - o I AR S S — [ UM P ~t-A .

d 19._-. Tff r- - & + ._:,wu g e s = — — ; m

. o0 . 13 1 + -— = 3
3 g g [ M . u - 7 i
-k w 1. i o =
. o e _ its + ] 7 7 - a
g § I i 7K 5

-l w“ ; - -1rL.,|H_-.TI 74 7 o
- o g H I o aml | S i . _ —- - . \\\ Z
O o e e | St el 113 52 e B | /7 -
0 o fririt— St 1 i . 7 ]
@ ., I I ) 7 y 4
o0 « i ] A L
Q g . i 1 ya r 4 ©
w1 ..m . : 1 fa i A Fd ;
- : : o1 7z 4 =
L . [ ! H —t =} rd VA 7 k.
TH. d o ! l.|_1 “w - —— y V' - :
° 8 |Eat . —fiHi ; i "
.|..) e 0 i o t o —+—y mqwlvll_ 4 i
} “ 1 - L J ] rd o
. & T SRS - T : _ \
e | 1 I 444+ 4 -y
- @ — | R A D GO )3
1 > o T I 1 r...-l¢|||l.f v T o
F b lha! 11 H S H ! o e

g ﬂ M i HIEH | : 1 ot — o .m

1 e a P i i “h BN = @

1 o £ % M +4 } ra |1 ]

. | o ity 5 4 -4 - } i =

] 2 = I i : I Ml r4 m'

Y on M B i ! B8 M : m

3 X owu } . thy S— L - 3]

1 B W O H H i {7t i 7 £ 1 -
Qv KT ! [ ER : i - 7 11 I =
e~ TTTT T R T - >l

| Pl lvanm m T - i s name T S m

e i o T ] i I _ M.*lu : |_.w7.l1 £ { + i
& o [T R L 15 i el - — Y A e .
o T i i ~ i ] e L i *

@ T L ] i :

A : ! B "

. 23 1 ] T Fa i
sz [0 _ )
& w1 .. ? : 7 i 2 _

) Qo M 1 7 i o |
F m...—n._u I ~
3 a — T
3 &8 o o M

o et _,
LT !
e 7
; 7 T _ y 4

1 [ _ . I 2

4 8 8 2 & e "

o [-] o -] -

(-] (-4 o -

9 o -

w -

83ajnuyy Uy WY}

i il b e o e o T et o e i s i o ae L o e b B Lo e ol e el AL mdain e an St B e e i et i it b S et b s s bt e bl LA diet)




However, it appears that thc complex structure of the double stranded DA
is more resistant to disruption than is single stranded DMA, and douhle-

stranded RMA is more heat sensitive or equivalent to that of the single-

stranded RNA.

Virus particles whose outer surface contain envelope structures
are susceptible to mechanical injury. BSuch narticles appear to be very
sensitive to thermal inactivation. In many cases the envelope 1s composcd
of lipid complexes. Whether loss of infcetivity is due to a mechanical
injury of thc envelope or to a change in protcin or lipid structures is
at present unknown.

Viruses with protein cuter surfaces are thermally inactivated by
denaturation of the protein that occurs at higher temperatures. In some
cases the coat is ruptured and the nucleic acid is liberated inte the
medium. A certain percentage of particles entrap the nucleic acid in the
core as the protein components on the surface are denatured. This parti-
cle has lost its ability to attach to the cell due to disruption of the
structural integrity of the attachment site. Towever, these particles
still containing nucleic acid may enter into the cell system by some me-
chanical process such as pinocytosis. or some other means of engulfment,
and the nucleic acid may be liberated within the cell and infection occurs.

It has been demonstrated that the nucleic acid from a suspension
of virus particles is liberated into the medium during a thermal inacti-
vation process. If nucleases are present, the nucleic acids are rapidly
inactivated. HHowever, in the absence of nucleases, the liberated nucleic
acid is infectious. Laboratory studies have shown that demonstrated in-
fectivity by nucleic acid is 2 to 4 lors less sensitive than that of the
intact viroid. Thus, 10° virus particles may be inactivated but infec-
tivity is still demonstrated in the cell ox animal system because of the
low level infectivity of the free nucleic acid.

Thg thermal process uged to inactivate enzymes in foods, not
less than 73 C or more than 77 €, prcobably will be greater than that re-
quired te inactivate viruses. In Figure 1, a 3D virus inactivation pro-
cess is depicted. If a 12D process is required, the slope will approach
the USPHS pasteurization standard fos ice cream mix when high temperatures
are used. At low temperatures (<<60 C) longer time-temperature processes
will be needed to inactivate the viruses than is required by the pasteuri-
zation standard.
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Table 1. Some characteriatics of animal viruses.

Surface

(a)

Denaity Rucleic acid characteristics
Family (Cesium chloride) (Type-stranded) (LipId) (Envelope)
!
i 1. Arenaviridae 1.18(1) RNA, SS +(b) + j
2. Bunyaviridae 1.20-1.23 RNA, SS -(© + ]
: 3. Coronaviridae 1.19-1.23 RHNA, SS - + :
] 4., Herpetoviridae 1.27-1.29 DNA, DS + + i
' 5. Orthomyxoviridae 1.17-1.20 RMA, SS - + ‘
E 6. Paramyxoviridae 1.21-1.24 RNA, SS + +
% Poxviridae DNA, DS + - ]
| 8. Retroviridae 1.16-1.181 RNA, SS + + ]
f Rhabdoviridae 1.20 RdA, SS - +
3 10. Togaviridae 1.25 RNA, SS + + ;
= 11, Adenoviridae 1.33-1.35 DNA, DS - - i
f 12. Papovaviridae 1.3 DNA, DS : = !
13. Parvoviridae 1.38~1.46 DNA, SS - - i
14, Picornaviridae 1.32-1.41 R]NA, SS - - ;
15. Reoviridae 1.31-1.38 RMA, DS - - i
|
i (a)g/cm3; (®) + present; (e) _ abaent '

] {1) In sucroae gradient

Abbreviationa: RNA-ribonucleic acid, DNA-deoxyribonucleic acid, i
S5-single stranded and DS-double stranded.
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Table 4. Apents modifying virus thermal inactivation,

Virus Remarks Reference
Poliovirus Hel-b stabilized virus at 45° ¢ Ackerman
Policvirus 1 Cations stabilized virus at 45° ¢ Tuiicka
Polioviruses 1, 2, 3 IIgCl2 stabilized virus during storage at 4°¢C tlelnick
Polioviruses 1 + 2 Reduced sulfhydryl groups Halsted
Echo 6 and 7 Stabilized viruges to inactivation
Coxsackie B-5 At less than 50 C
Poliovirus 1 L-cystine stabilized, 5 different stocks Pohjanpelto

of virus to temperatures below 50 ¢ :
Elemental sulfides (tetrasulfide) Pons

Poliovirus 1

Poliovirus 1,

2, 9, 3

Coxsacliie A-2, B-3

and Echo-1

Echo-3, 6 and 19

Echo-32

Poliovirus 2

Rhinoviruses

and Enteroviruses

Simian virug SV=2

Herpesvirus (JES)

Stabi%ized virus agalnst inactivation
at 50" ¢

50 up/nl of L-cystine stabilized viruses
500-2500 ug/ml stabilized of the viruses

No stabilization

HgC]2 stabilized virus at 50° ¢

0.1 4 RaCl at 56° C for 1 hr ~ 6 log drop
in infectivity o

2.0 M NaCl at 56 G for 1 hr ~ 2 log drop
in infectivity

HgCl, less effectigely gtsbilized
Rhin%viruses at 50° C

MgCl, stabilized virus at 50° ¢

\d o Al
mazsoa and NaZHPO4 stabilized at 50 O
HgClz, Mgsoa, 20,

gstabilize virus

KH,PO,, 2 !KC1 or NaCl did not

Pchiannelto

Branche

Speir

Dimmock

Heberling

allis

Very thermosensitive in isotonic salt solution
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Table 4.

Agents modifving virng tharnal inactivation {zcontd.)

“habdoviruses

Hewenstle disease

i
al /
Tick=borue
encephalitis
IN viruses

tenvirus

Vesicular
exantchona
of swine'’

Temarks :

EDTA and' sexun denonstrated
protective effect on virus at

37 and 55° ¢

. 0
Casein protected virus at 44 C
Hgho0, did not protect virus

Monovalent metallic cagions
stabhifigedivizrus ab Y07 O

ot stabilize? by Jivalent cations
Stabilized by divaloer antions

. » 3 . O
Mo cationde stabilization akb H0
chavacieristie of liwwnn enteroviruses only
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Table 5. Naturally occurring virus concentrations in Food Animal Products

Virus Titer Remarks Reference
_ Foot=-and-mouth 104 In aerum, bovine Burrows
] Dlsease virus 10["5"5'3 Pharynx
E {(MDV) 103'3..5'2 Milk
E 103 Saliva
% MY 10"'5 Bone marrow, bovine Cox %
§ . FMDV 102'0 Muscle, brain Cottral }
E ' 10&.9-5.0 Blood __
-i MOV .‘LOO'7 to 102'1 Beef, bovine Henderson 1
i 1002 to 1022 Liver i
:E ‘ 10]"7 Kidney f]
; :' 102+4 Blood ;
1027 t0 10%'%  Rumen 1
:. 10]"8 to 102'3 Lymph node }
E Tickborne " '103'7 Goat milk Gresikova :
% encephalitis :
f Enteroviruses < 10t Shellfish Denis i
‘ Swine fever virus 104'7 to 106'0 Blood Terpstra
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Virus

Remarks

Reference

Foot—-and-mouth disease
(F1DV)

FHDV

Tobacco mosaic
virus (TMV)

Poliovirus 1 and
™V

Poliovirus 1

Polioviruses

EEE and VEE

Poliovirus

Peliovirus mutants

Bacteriophage

Virus heated to 61° and 85° ¢

in RNase free medium produced
infectious nucleic equivalent to
that produced by phenol extraction

Prolonged incubation at 25° ¢ for
24 hrs or 37° € for 8 hrs resulted
in a losgs of v 3 logs of infectious
nucleic acid

Loss of RNA bioclogical activity oc-
curs at moderate heat in marked con-
trast to DNA which is inactivated
with a high~temperature coefficient

v 90Z loss of RNA infectivity in
80-120 min at 65° ¢

~ 99% loss of RNA infectivity in
40-45 min at 80° ¢

~ 99% loss of RNA infectivity in
3-5 min at 100° ¢

Virus rapidly degraded st 56° ¢
liberating viral RNA

Protein densturation precedes o
dissociation of viral RNA at 50" C

RNA inactivated ~ 90% in 4 hrs
st 50° ¢

Bachrach

Brown

Ginoza

Gordon

Jordan

Meitens

Mika

Heating RNA for 5 min at 50° C results fiorman
in loss of 1 log of infectivity - virus
heated same procedure results in 7 log

loss of infectivity

Variation in sensitivity tc heat
mutants

Heat (50*600 C) inactivation is
accompanied by release of native
DNA. The molecules are intact -
90% removed from virus in 60 min
at 60° ¢C

Panaevangelou

Ritchie

L re damraden o e e i it B 5 ¥

40

bl e e 11 2 S, s 1 Nt i, w2 R A R Sl i LR T

R

o B




3

R AT i o -k~ Dot UGl ety Tt D e

I A R R L N T R I AT R T ST e
g . 5 - R R - .-

Bibliography
The Effect of Temperature on Nucleic Acids

Bachrach, H. L. 1961. Thermal degradation of foot=-and-mouth disease virus
into infectious ribonuclele acid. Proc. Soc, exp. Biol. Med. 107:610-513,

Brown, F., B. Cartwright, and D. L. Stewart. 1963. The effect of various
inactivating agents on the viral and ribonucleic acid infectivities of
foot~and~mouth disease and on its attachment to susceptible cells. J. Gen.
Microbiol. 31:179-186.

Ginoza, W. 1958. Kinetics of heat inactivation of ribonucleic acid of
tobacco mosalce virus. 1958. Nature 181:958-961,

Gordon, M. P., J. W. Huff, and J. J. Holland. 1963. Heat inactivation of
the infectious ribonucleic acids of polio and tobacco mosaic viruses.
Virol. 19(3):416~-418.

Jordan, L., and H. D. Maylor. 1974. Studies on the degradation of polio-
virus by heat. Microbos 9:51-60.

Mietens, C., and XK. Koschel. 1971. RNA content and zntigenicity of polio~
virus before and after inactivation by heating. Z. Naturforsch.
26 b:945-950.

Mika, L. A., J. E. Offlcer, and A. Brown. 1963. Inactivation of two arbo~
viruses and thelr associated infectious nucleic acids. J. Infect. Dis.
113:195-203.

Norman, A., and R. C. Veomett. 1960. Heat insctivation of poliovirus
ribonucleic acid. Virel. 12(1):136-139,

Papaevangelou, G. J., and J. S. Youngner., 1961. Thermal scability of
ribonucleic acid from poliovirus mutants. Virol. 15:509~511.

Ritchie, D. A. 1970. Physical characterization of the DNA released from

phage particles by heat inactivation. Fed. Eur. Biochem. Soc. Lett.
12(1):257~260.

41

. ! . .y o . [l . ]
4 m;i e Tt i SN i et o a0 R A 40 ko A et AR L A Lt Sl 0 e O ) s i v gt

o L

L, A S A

Soth o e T

i i

PR ST o SRS Y STy . L i

Pt o e o 2 T s DT




:
§
!
%
!
gl

e me

]

;
i

L T T T AR T S T LA P R M G I T T I T D W TV G TR TR T e T T e 2 T memeTn

(A4

Tuafe sSTITAYlIR TEIATA
‘gy3rTdmoTrydadus uetTAY

(;) s2diloaas QT 1seol IV

snata £aaIny sadisy
SNITA ISEISTP S, %218

SniIA STITYOUOIq SHOFIDBIUT

¥a1dmod sysoina]
UBTAY ‘4BUWODIES $U0Y

+STITTEYda0Ua Ui1IIsIM

*31qeqoid uoT1IOdIJUT 2TWaISLS ¢ 5

*gem I0J SNOTIDV (U] + 8

*37qIssod wem 103 SNOTIDIJUT PUBR UVOTIIIJUL DTWaILAG Am+vm
syl1T24moTeyda0ua S38NIATA

Surieurini33emap ¥Nd 13430

(i) s2d410195 § ISEIT IV () sadfjoass ¢ SISNITAQOUIDPY

SNITA I3Aaa] TEUYIIR]1ED JueudITER
{(i+) SnITA S9TQeaOpnosSq SosnaATa Ssadiay

1808TITA VNA

(i+) sn1ya sorqeiopnasg

uﬁwv snija TeT1LOuLs Iujaog
+S0ITa Soyqey
4SNIYA STITIPWO]S IBTNOTSOA
2SEASTIP TTsoanm (Ad SasSNITA
SNIJA EBIYIIBRTP ouTaOg Vird 12730

+57173uTuswOTIOYD DTIADOydmA]
+501TA STITIPLOIS ABINITSI)
snita Bratoy> 2o

STITA BPTUMNND] IUTAOH S9SNITAOIIDY

+5T1717TRyd3ous Ulajseq +5935NXTA sTITTRydaDUy sesnitnedo]
+¢ pue z ‘71 sadi)l L1qeqoag +£ pue ‘g ‘T sadfy L1qeqoig 4£ pue 'z 1 sadf] SauNITA0IY
4+SNATA ISEISTP ITISTIMIN
+(v 2d431) snaya ezuanyjul +(¥ 2d£1) BZUINTIUL IUTAS +¢ ®zZuanyj IeiRgd SISTITAOKAR
. + SnITA STlTpawaoimoreydadugy
{{4) SasniTao1aluy (i+) s9snatacaajry q (i+) s2sSnitTAOla1UY SISNITABUIOIT
M $SVUSNITA VNY
uRIAY aur2aog aInTADY dnoa¥d snayp

TRWIUY 3O 3dAL

(E>112WY YlIoN) STEWILR Pooj UT SUOTIOaJurl dTwalsés Sujyonpoad sasnity °7 3[qel

i n o B e i G e D U it S e T e Ehr i = e o

e A LBt £ s e s B it T e i il el e ot L L pope ey @




4

TR

L AT R TR T RA TR A T YIRS TS ST U A PR PRI T

T - TR L e e T T I R T A TR T N AN e o e

L S ey

;
.
'\'-'ir.-.y‘.._ e Ao 4200 e 1 A e b €0 TR 0 st PRl st Yo S E N SRt M L 1 i e A i

e
P TR ST,

Bibliography
Nucleic Acids

Alexander, H. E., G. Koch, I. I, l'ountain, and 0. Van Damme. 195%5. Infectivity

5
of ribonucleic acid from poliovirus in human cell monolavers., J. Exotl. !ed.
103:493-506.

Colter, J. 8., H. Il. Bird, A. W, Moyer, and R. A. Brown. 1957. Infectivity of
ribonucleic acid isolated from virus-infeeted tissves. Virol. 4:522-532.

Nimmock, H. J. 196C. Blophysical studies of a rhinovirus: extraction and
assay of infectious ribonuclelc acid. liature 209:792-764,

Gierer, A., and G. Schramm. 1956. Infectivity of ribonucleic acid from
tobacco mosaic virus. Nature 177:702-703.

Herriott, R. M. 1961l. Infectious nucleic acids, a new dimension in virology.
Science 134:256-260.

Hollaug, J., J., L. C. liclaren, and J. 1. Svverton. 1959. Marmalian cell-virus
relationship. III. Poliovirus production by non-prinate cells exnosed to
poliovirus ribonucleic acid. Proec. Soc. Expt. Diol. led. 100:343-047.

Holland, J. J., L. C. licLaren, and J. T. Syverton. 1959. The mammalian cell
virus relationship. 1IV. Infection of naturally insuscentible cells with
enterovirus ribonucleic acid. Exp. iled. 110:65-29,

Inlewaki, W. J., and 7. 1. Franklin. 1967. Purification and properties of
reovirus ribonuclele acid. J. Virel. 1(2}:302-307.

Love, D. N, 1973, The effect of DEAE-Dextran on the infectivity of a feline
calicivirus and its RNA. Archiv flir die gesamte Virusforschung 41:52-58,

Weiss, R. 1977. Persistent infections without proviral DHA. Nature 265:295-296.
Yukhananovs, S. A., 0. V. Hikolayeva, L. L. Fadeyeva, and !l. I. Parfanovich.

1974. 1Isolation of infectious RNA from arboviruses of the California and
. C sroups. Acta virol. 17:27.

43

ikt e o it o F"—.". ik g i TIYTP RS Bl ok P nNaE
i R L

ey TR

e R g i

ot ik L s, b




e Tl T T I e I e s g T W e T Ty

SN s

B i (o e

EA Latd ool o

e . 4 . ——— S T T T T T T e A R T 5 e L o P T A,

Bibliography
Viral Thermal Inactivation Theory

Apostolov, K., and V. Damjanovic., 1973, Selective inactivation of the
infectivity of freeze-dried Sendai virus by heat. Cryobiol. '10:255 and
259,

Banks, B. E. C., V. Damjanovic, and C. A. Vemon. 1972. So-called thermo-
dynamic compensation law and chermal death. WNature (Lond.)
240(5377):147-148.

DiGioia, G. A., J. J. Licciardello, J. T. R. Nickerson, and S. A. Goldblith.
1970. Thermal inactivation of Newcastle disease virus. Appl. Microbiol.
19(3):451-454.

Dimmock, N. J, 1966, Differences between the thermal inactivation of
picornaviruses at "high" and "low" temperatures. Virol. 31:338-353.

Eylar, 0. R., and C. L. Wisseman, Jr. 1975. Thermal inactivation of type 1
Dengue virus strains. Acta virol. 19:167-168.

Hiatt, C. W. 1964. Kinetics of the inactivation of wviruses. Bacteriol.
Reviews 28(2):150-163.

Mile, G. E., Jr. 1971. Thermal inactivation of poliovirus in the presence
of selective organic molecules (cholesterol, lecithin, collagen, and
B-carotene). Appl. Microbiol. 21(2):198-202.

Pollard, E. C. 1953. The physics of viruses. Thermal inactivation of
viruses. Academic Press, Inc., New York 10, N. Y., Chapt. 4, p. 103-104.

Rosenberg, B., G. Kemeny, R. C. Switzer, and T. C. Hamilton. 1971. Quanti-
tative evidence for protein denaturation as the cause of thermal death.
Nature 232:471-473.

Wallis, C., and J. L. Melnick. 1963. Thermosensitivity of poliovirus. J.
Bacteriol. 86(3):499-504.

Woese, C. 1960. Thermal inactivation of animal viruses. Ann. N. Y. Acad.
Sci. 83:741-751.

b4

!
i




